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Benefits and problems with cloning animals
Lawrence C. Smith, Vilceu Bordignon, Marie Babkine, Gilles Fecteau, Carol Keefer

Abstract Animal cloning is becoming a useful technique for producing transgenic farm animals
and is likely to be used to produce clones from valuable adults. Other applications will also
undoubtedly be discovered in the near future, such as for preserving endangered breeds and
species. Although cloning promises great advantages for commerce and research alike, its outcome
is not always certain due to high pregnancy losses and high morbidity and mortality during the neonatal
period. Research into the mechanisms involved in the reprogramming of the nucleus is being
conducted throughout the world in an attempt to better understand the molecular and cellular
mechanisms involved in correcting these problems. Although the cause of these anomalies remains
mostly unknown, similar phenotypes have been observed in calves derived through in vitro fertil-
ization, suggesting that culture conditions are involved in these phenomena. In the meantime,
veterinarians and theriogenologists have an important role to play in improving the efficiency of cloning
by finding treatments to assure normal gestation to term and to develop preventative and curative
care for cloned neonates.

Resume - Avantages du clonage des animaux et problemes. Le clonage des animaux est devenu
une technique utile pour la production d'animaux d'elevage transgeniques et il est susceptible de servir
a cloner des animaux adultes dont la valeur est elevee. D'autres applications seront sans doute bien-
tot exploitees commne la preservation des especes et races menacees. Si le clonage est prometteur pour
le commerce et la recherche, ses resultats ne sont pas toujours garantis, en raison des nombreuses
interruptions de gestation et des taux eleves de morbidite et de mortalite pendant la periode neona-
tale. Partout dans le monde, des chercheurs etudient les mecanismes en cause dans la reprogrammation
du noyau afin de mieux comprendre les mecanismes moleculaires et cellulaires qui permettraient de
corriger ces problemes. Bien que les causes de ces anomalies soient encore quasi inconnues, on a
observe des phenotypes semblables chez les veaux obtenus a partir de la fertilisation in vitro, ce qui
porte a croire que les conditions dans lesquelles la culture est faite sont liees au phenomene. Par ailleurs,
les veterinaires et les theriogenologues ont un role important a jouer dans l'amelioration de l'effi-
cacite du clonage, en definissant des traitements qui assurent une gestation normale et en elaborant
des soins preventifs et curatifs pour les nouveau-nes issus du clonage.
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Introduction
A lthough animal cloning has benefitted from inten-

sive research efforts for many decades, the arrival
of "Dolly," the cloned sheep, came as a surprise to
many scientists and lay people alike (1). Actually, sci-
entists were somewhat "blinded" by the inability to
derive live progeny from adult amphibian cells, despite
heroic efforts throughout the 50s, 60s, and 70s to under-
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stand the fundamental mechanisms involved in nuclear
reprogramming (2). With the exception of an uncon-
firmed successful attempt to clone from embryonic
cells in mice (3), early nuclear transfer experiments
met with several failures, leading to a generalized feel-
ing that mammals could not be cloned from differenti-
ated cells (4). Renewed hope came when lambs were
obtained after nuclear transfers from embryonic blas-
tomeres (5) and inner-cell-mass cells (6). The possibility
of producing embryo-derived cloned offspring was
later confirmed in several other domestic and laboratory
animals, leading to the establishment of private com-
panies aimed at improving and applying the nuclear
transfer technology to cattle breeding (7-9). Two factors
were directly related to the failure to apply embryo-
cloning technology in a commercial setting. First, the
efficiency of embryo multiplication was low due to
poor development rates up to the blastocyst stage.
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Second, pregnancies derived from nuclear transfer
embryos were associated with high embryo mortality
throughout gestation, production of oversized calves,
extended gestation length, and increased neonatal mor-
bidity and mortality (8, 10, I 1).
The successful cloning of mammals from adult mam-

malian tissues has renewed interest in the technique of
nuclear transfer, both for scientific and applied pur-
poses (1,12,13). Furthermore, a second wave of interest
in the application of nuclear transfer has stemmed from
the successful use of donor nuclei from fetus-derived cells
that had a novel gene incorporated into their chromo-
somes (transfected) to produce transgenic farm ani-
mals (14-16). However, regardless of the potential
benefits of producing transgenic farm animals, problems
associated with loss during gestation and neonatal mor-
tality have increased substantially with the use of
somatic cells in nuclear transfer (17). Therefore, the prob-
lems associated with improvements to the technology of
somatic cell cloning should be addressed for both eco-
nomic and ethical reasons, before commercial applica-
tion is envisaged on a large-scale basis. The purpose of
this review is to describe the nuclear transfer technology,
as it is currently applied, and to discuss the potential
applications and problems associated with producing
cloned animals from somatic cells.

Technical procedures
The procedure used to produce cloned animals involves
several steps requiring specialized equipment and highly
trained personnel (Figure 1). The first step relates to iden-
tifying a suitable nuclear donor cell from which to
clone. Although donor cells can be obtained directly from
an animal, primary cells are normally propagated in vitro
beforehand to facilitate manipulation and storage. Skin-
derived fibroblasts are often used, due to the ease in pro-
ducing stable dividing and homogeneous primary lines.
In general, fibroblasts have a reasonably long life span
and can also be frozen and thawed with limited loss
of viability. However, cells from other tissues, such as
granulosa (cumulus) and oviduct, and leukocytes have
also been used successfully to clone cattle and goats
(18-21). Donor nuclei are often treated before transfer
to synchronize the cells at the GI/GO phase of the cell
cycle. This is important when oocytes that have been
arrested at the metaphase stage at the time of fusion are
used as recipients (hosts). The most common proce-
dure to synchronize the cell cycle is to expose cells
for several days to culture medium containing low
levels of serum (serum starvation). Because many cells
stop cycling due to contact inhibition, cell cycle syn-
chrony at the GI phase can also be achieved without
changing the concentration of the serum in the medium,
simply by allowing the cells to grow to confluency. It has
been proposed that serum starvation is beneficial to
donor nuclei, possibly by improving the ability to reset
the genetic program of differentiated nuclei to a totipotent
state (22). However, somatic nuclei have also been
used successfully to produce clones without having
been starved of serum, and further controlled studies
are required to determine the advantage of serum star-
vation (15).

Figure 1. Schematic diagram of the multiple-step procedure
used for cloning and producing transgenic mammals by
nuclear transfer.

Transfection of nuclear donor cells to produce trans-
genic animals through cloning can be performed by
random integration or, when possible, by introducing the
transgene precisely where it is present on the chromo-
some, a procedure known as gene targeting, through
homologous recombination (23). Methods of transfec-
tion are similar to those applied to immortalized somatic
cell lines; that is, by using the cationic lipid reagent, lipo-
fectamine, which enables the transport of the exogenous
DNA (transgene) through the plasma and nuclear mem-
branes. The transgene should be engineered to have
the coding region for the gene of interest linked to a pro-
moter that can provide high levels of expression that is
directed specifically to the tissues of interest in the
cloned animal. The addition (co-transfection) of a selec-
table marker and/or a reporter gene to the engineered
DNA construct will allow the selection of the few cells
that successfully integrate the transgene and, therefore,
will be useful for choosing properly transfected donor
cells for nuclear transfer.
The other important component of nuclear transfer is

the provision of a suitable host cytoplasm able to reset
the developmental clock of the donor nucleus back to the
time of fertilization (chromatin reprogramming). In
cattle, oocytes obtained from slaughter houses are often
used as the host cell in nuclear transfer, because the cur-
rent in vitro maturation (IVM) protocols are very effec-
tive. Recent improvements in IVM also permit use of the
protocols in the goat (21,24). On the other hand, effective
in vitro culture systems are not available for other
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domestic and laboratory species, requiring the use of in
vivo-matured oocytes for nuclear transfer. Chromosome
removal (enucleation) is essential to eliminate the
genetic contribution of the host oocyte. Enucleation is
usually performed by microsurgical aspiration of a por-
tion of the cytoplasm surrounding the 1st polar body and
is confirmed by DNA vital staining and ultraviolet
(UV) irradiation. Although such staining methods are
widely utilized during enucleation, UV exposure should
be kept to a minimum to avoid damage to both the
cytoplasm and the plasma membrane (25). The use ofUV
irradiation can be avoided by enucleating after the sec-
ondary oocyte has been exposed to an artificial stimulus
for activation, at the time of 2nd polar body extrusion
(telophase stage). Apart from avoiding the use of UV and
DNA vital stains, telophase enucleation reduces the
amount of cytoplasm removed and enables selection
of oocytes that have responded to activation by extruding
a 2nd polar body, a step that cannot be done when enu-
cleation is done with metaphase-arrested oocytes (26).

Nuclear transfer is most commonly performed by
introducing a single donor cell into the perivitelline
space of an enucleated oocyte, followed by plasma
membrane fusion with a direct current electric shock.
Donor cells need to be placed in close contact with the
enucleated oocyte in order to achieve fusion. Another
option when introducing nuclei into oocytes is to per-
forate the membrane and deliver the nuclei directly
into the ooplasm by using a piezo-controlled pipette
holder (12). Host oocytes that have been halted in the
metaphase of the cell cycle are usually chosen because
their mitosis promoting factor (MPF)-kinase activity,
which induces donor nuclear membrane breakdown
immediately after fusion, is high at this stage of the
cell cycle. As long as nuclei are not undergoing DNA
replication (S-phase of the cell cycle) at the time of
fusion, nuclear membrane breakdown enables a rapid
remodeling of chromatin. However, when nuclear donor
cells are in the S-phase, the chromatin will undergo
premature condensation and pulverization (PCC), which
is detrimental to further development.
A problem commonly associated with using somatic

cells that have been transfected in vitro before nuclear
transfer is that these cells have low cycling activity,
which renders cell quiescence protocols, both by con-
fluency and serum starvation, ineffective. When using
nonsynchronized donor cells, PCC can be avoided by
using host oocytes that have been activated shortly
before introducing the donor nucleus. Low MPF levels
in telophase-enucleated oocytes will avoid the harmful
interactions with nonsynchronized nuclei without affect-
ing their reprogramming properties. Reconstructed
oocytes are either cultured in vitro to the blastocyst
stage or transferred soon after fusion to a temporary
recipient for development in vivo. Finally, selected
morula- and blastocyst-stage embryos are transferred to
synchronized recipients and allowed to develop to term.

Potential applications
Multiplication of embryos and animals by cloning
Dolly was the first animal to be cloned from an adult-
derived cell line (1). Although there was some initial

skepticism concerning the cellular origin of Dolly (27),
this was later unequivocally confirmed by using
microsatellite and fingerprinting analysis (28,29).
Furthermore, several other mammalian species have
since been cloned from adult-derived tissue, including
cows (19), goats (21), and mice (12,30). In cattle, the effi-
ciency of nuclear transfer to produce both embryos and
viable offspring varies considerably among different
laboratories, possibly due to cell source, conditions for
manipulation, and other unknown factors. Most studies
have used donor cells arrested at the GO/GI phase,
either artificially or naturally, and have tested various
tissue-derived cells, such as fetal and skin fibroblasts,
cumulus, granulosa cells, oviductal epithelium, muscle
cells, and leukocytes. Development rates from oocyte to
blastocyst can vary from 12% to 70% and to full devel-
opment with production of offspring from 1% to 83%,
according to species and laboratory of origin. Further
peer-reviewed reports with detailed technical proto-
cols are required to determine the sources of such vari-
ability among research groups.
The potential application of adult cloning ranges from

multiplying prize-winning animals to producing a large
number of genetically identical animals for research pur-
poses. Dissemination of genetically superior animals
would be made easier through the production of several
copies of top breeding animals and the distribution of
clones to production farms, particularly where access to
artificial insemination and other assisted reproductive
technologies is limited. Genetic improvement programs
would benefit from cloning embryos derived from juve-
nile females of high merit, thereby enabling a shorter
generation interval.

Recovery of endangered animals
An excellent example of how cloning has and will help
in the recovery of endangered breeds of cattle was
reported recently (18). In this study, adult somatic cell
nuclear transfer was used to preserve the last surviv-
ing cow of the Enderby Island cattle breed from
New Zealand. Since a few straws of semen of the
Enderby Island breed remain, progeny can now be
obtained from the cloned females to recover the breed
gradually, using sexual reproduction. Ideally, recov-
ery programs should be initiated with as wide a pool of
founder animals as possible to avoid potential prob-
lems with inbreeding. Several breeds of domestic animals
are currently being extinguished because of lack of
market advantage when compared with the most produc-
tive dairy and beef breeds. To avoid an irreversible loss
of such genetic pools, programs should be devised to
store samples of somatic tissue of several individuals
from each breed in liquid nitrogen. If and whenever there
is a need for such a breed, frozen samples could be harvested
and a large number of individuals generated by cloning,
thereby reducing the effects of inbreeding in the sexu-
ally propagated descendents of the founder population.

Cross-species cloning is another approach to recov-
ering endangered species. This approach is based on
using the nucleus from an endangered wild species
with the host oocyte derived from a closely related and
more abundant domesticated species. This approach
was used to clone "Zebulon," a calf derived from an
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embryo that was produced by using host oocytes from the
European-derived breeds of domestic cattle (Bos taurus)
and the nucleus of an animal of the Indian-derived
Nellore breed (B. indicus) (31). Bos indicus and
B. taurus can interbreed and, therefore, are very closely
related. The next step will be to examine the develop-
mental potential of clones derived from different species.
Cross-species cloning has been proposed and tested
with less closely related species with no success. Early
stages of pregnancy were achieved after the transfer
of cloned embryos produced from the fusion of Argali
(Ovis ammon) nuclei into enucleated oocytes of domes-
tic sheep (0. aries) (32). Others have gone to further
extremes in using bovine oocytes with sheep, monkey,
and rat nuclei, but with limited developmental success
beyond early cleavage (33). Nonetheless, human somatic
cells have been cloned into bovine oocytes to produce
pluripotent embryonic cell lines (34).

It is proposed that the embryonic cells derived from an
individual could be made to differentiate into several
tissues. The tissues produced in this way could then
be returned to the same individual to replace damaged
tissues or organs without causing rejection, a proce-
dure named "human therapeutic cloning."

Production of transgenic animals
Transgenic mammals were first produced through the
microinjection of gene constructs into the pronuclei of
fertilized mouse zygotes (35). Pronuclear microinjection
is an efficient method for species with zygotes showing
clear cytoplasm, thus enabling proper visualization of
pronuclei. However, zygotes of most domestic animals
contain large lipid vesicles that obscure the position
of pronuclei, making microinjection a cumbersome
approach for introducing foreign DNA. Although pro-
tocols have been established to shift lipid granules by
centrifugation, other factors have added further con-
straints to the technology. For instance, only a limited
percentage of the zygotes that survive the microinjection
procedure integrate the exogenous construct into their
chromosomes. Since most embryos that are transferred
to synchronized recipients do not carry the transgene, the
cost of keeping a large herd of recipients precludes the
common use of this technique.
The new, developing solution is to use transfected cells

and nuclear transfer to generate transgenic farm animals.
This technique was first applied in sheep and cattle
(14,15) but, recently, has also been used to produce
transgenic mice (36) and goats (37). Fibroblasts are
obtained from fetuses and are used to produce a primary
cell line, which, once established and checked for chro-
mosomal stability, is transfected by common cell trans-
fection techniques. A selection and reporter gene con-
struct is usually added to the transgene of interest to
enable the isolation of suitable cell clones for nuclear
transfer, namely, those clones that integrated the trans-
gene and express the reporter gene correctly. The advan-
tage of this procedure over microinjection is that all the
embryos derived from the transfected cell line will
carry the transgene, which avoids the use of recipients
with embryos that are not transgenic. The green fluo-
rescent protein (GFP) reporter gene is a suitable marker
for transgene integration and expression, because the

screening uses blue wavelength exposure, which does not
affect further development.

Another enormous advantage of nuclear transfer over
microinjection of DNA into the pronuclei of fertilized
zygotes to produce transgenic animals is the possibility
of using donor cells that have been transfected by tar-
geting the transgene into exactly the same position
where it is found on the chromosome. This has been
achieved recently to derive transgenic mice and sheep by
using, respectively, embryonic stem or fetal fibroblasts
modified by homologous recombination (23,36).
Embryonic stem cells have the advantage of being nat-
urally immortal; therefore, they allow for lengthy pro-
tocols of targeted mutagenesis. This is not the case for
primary somatic cell lines, which reach senescence
after a short number of cell doublings in culture.
Therefore, more suitable and faster protocols for targeted
mutations will be necessary to enable the introduction of
transgenes (knock-in) or the functional elimination of
endogenous genes (knock-out) in somatic cells that
will be later used to derive transgenic animals. These
techniques will facilitate the production of farm animals
that have been conveniently engineered to produce
pharmaceuticals, nutraceuticals, and xenotransplant
organs, and to create animal models for several human
diseases.

Health hazards
Pregnancy losses
Although the potential economic and social benefits
of animal cloning are enormous, many aspects of the pro-
duction of cloned animals need to be carefully addressed
through proper research before the large-scale use of this
technology. The most concerning aspect relates to med-
ical problems encountered both during gestation and in
the first weeks after birth of the cloned animal. In the
former, fetal development seems to be arrested at vari-
ous stages during gestation, leading to abortions at
early and late stages of fetal development (38). Many
aspects of embryo and fetal mortality seem to suggest that
the placenta does not develop normally, possibly due to
an inappropriate transition from yolk sac to allantoic
nutrition. Others have observed that the growth of the
allantois is severely retarded, or even nonexistent, as
characterized by lack of, or reduced, vascularization
during early gestation, leading to failure of normal pla-
centome development (39). Although the causes of
poor placental development remain unknown, many of
the genes that control both placental and fetal growth and
differentiation are "imprinted." Loss or modification of
these genetic imprints in cloned embryos could be the
cause of the observed abnormalities. Fetal losses in the
bovine species at later stages of gestation are a conse-
quence of placental dysfunction, leading to hydroallantois
and the presence of fewer and enlarged placentomes,
enlarged umbilical vessels, and edematous placental
membranes (13,40). It is of interest that similar fetal
losses have not been seen in goats (37,41).

Neonatal health problems
Increased birth weight and high neonatal mortality are
common in cloned calves (1 1), a phenomenon referred

Can Vet J Volume 41, December 2000922



to as "large offspring syndrome," or LOS. Since LOS
also occurs to calves derived from in vitro-fertilized
(IVF) embryos, it is not yet clear whether the nuclear
transfer itself is the primary cause. Respiratory dis-
tress syndromes have been cited frequently in cloned
calves (17,42) and lambs (43), which may indicate poor
adrenal gland development and function, low fetal cor-
tisol levels, and, hence, insufficient lung surfactant.
Corticosteroid treatment of the recipient before delivery
to accelerate maturation of the fetal lungs, together with
oxygen therapy, may increase survival rates (17). The
administration of pulmonary surfactants to cloned calves
has been tested with variable success, suggesting that pul-
monary hypertension may be the primary problem.
Pneumonia is commonly observed in affected calves,
requiring immediate antimicrobial therapy. Susceptibility
to infection of any kind is also a common trait and may
derive from immune dysfunction, as suggested by a
sudden decrease in lymphocyte and red cell counts
observed in a cloned calf (44).

Conclusion
A comparison of prospects envisaged in a previous
review highlight the advancements that have occurred to
animal cloning in the last decade (45). Somatic cell
cloning is now a reality and the technical and practical
uses have been described only briefly above. Due to the
potential advantages for pharmaceutical companies,
farmers, and research agencies, mammalian cloning is
likely to become a common technology towards the
end of this decade. Although enormous research efforts
are being focused on trying to better understand the
source of the problems, theriogenologists and veterinary
clinicians need to better understand the medical problems
associated with cloned animals in order to develop
more effective treatments to reduce pregnancy loss and
neonatal morbidity and mortality levels.
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COMPTE RENDU DE LIVRE

Tranquilli WJ, Grimm KA, Lamont LA. Pain Management
for the Small Animal Practitioner. Teton New Media,
Jackson, Wyoming, 2000, 125 pp. ISBN 1-893441-07-5.
US $32.75 (text). Distributed in Canada by Lifelearn Inc.

This spiral-bound handbook is an excellent quick reference
for pain management options for small animal practi-

tioners. The text is divided into 5 sections: physiology of
pain, analgesic drugs, analgesic techniques, pain manage-
ment for specific conditions, and management of chronic
pain. A CD-ROM is also available as an accompaniment to
the text and includes the complete text, as well as video clips
demonstrating the various analgesic techniques in an easy
to search format.

Both the book and the CD-ROM provide suggestions and
options for providing analgesia in a variety of clinical sit-
uations in an easy to use format. The text includes symbols
to highlight important points in the text, such as salient fea-
tures, potential complications, and cautions, as well as
techniques, which are demonstrated on the accompanying
CD-ROM.

Section 1 provides a fairly complete yet concise overview
of the physiology of pain, pain recognition, and the theories
of preemptive analgesia and balanced analgesia. This sec-
tion presents current information that practitioners may not
be familiar with, because this is a relatively new area of study.
The 2nd section deals with analgesic drugs, grouping

them into categories such as opioids, nonsteroidal anti-
inflammatories, and local anesthetics. Under each category
of drug are a brief description of the mechanism of action,
lists of potential side effects, contraindications, and drug
interactions. This section also contains excellent tables
for each drug category, listing commonly used drugs,
dosage ranges for both cats and dogs, and duration of
effect, as well as comments specific to individual drugs. A
particularly useful table is that for oral analgesic agents that
can be dispensed for ongoing pain control after patients have
been discharged from hospital. Although the book is pub-
lished in the United States, the authors do include drugs that
are not licensed in that country but are available in Canada,
such as tolfenamic acid.
The 3rd section of the book explains specific analgesic

techniques in a clear, easy to follow format. In addition to
a detailed explanation of how to perform the technique, there

is a list of materials required, drugs and dosages used,
potential complications, contraindications, and a com-
ment on the skill level required to perform the technique in
question. Clear diagrams demonstrate important relevant
anatomic landmarks. Specific techniques described include
epidural, dental blocks, brachial plexus blocks, and intra-
venous constant rate infusion techniques. Many of these
techniques are demonstrated in the video clips included on
the accompanying CD-ROM. The video clips are clear
and easy to follow. The search feature on the CD-ROM
makes it possible to quickly review a video prior to per-
forming a given technique.

Section 4 suggests specific analgesic protocols for
specific conditions and procedures. The emphasis is on pro-
viding balanced analgesia, beginning with preemptive
analgesia, following up with suggestions for regional and
postoperative analgesia, and even including suggestions for
dispensing analgesic agents to provide ongoing pain relief
for patients after discharge from the hospital. Specific
conditions dealt with range from elective procedures
such as ovariohysterectomies and castrations, to dentals,
orthopedic procedures, and conditions such as acute
pancreatitis.

The final section of the text offers suggestions for man-
aging chronic pain in veterinary patients and includes
conditions such as osteoarthritis, osteosarcoma, and chronic
otitis.
An additional feature of the text is a comprehensive

index, which lists drugs by generic and trade names,
and available concentrations as well as supplier names,
addresses, and Web sites. There is also a list of recom-
mended readings.

This book and CD-ROM provide a valuable, clear, easy
to use guide and reference to assist small animal practi-
tioners in providing analgesia to their patients. The excel-
lent tables, clear diagrams, and easy to read text makes this
a handbook that would be useful to keep readily accessible
in the treatment room for quick "patient side reference." The
video segments on the optional CD-ROM should facilitate
the practitioner in mastering new analgesic techniques.

Reviewed by Kristine Torske, DVM, DVSc (Anesthesiol.),
P.O. Box 243, Inwood, Manitoba ROC IPO.
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